supralittoral zone, which is exposed to sea-spray during storms but not submerged in 1 0 1 seawater. Therefore, marine lichen species certainly experience different levels of 1 0 2 stress, ranging from direct sunlight exposure, and temperature, salinity and wind The genus Lichina belongs to the class Lichinomycetes, which is characterized by distribution range, their cyanobionts belong to separate groups that do not overlap at 1 0 8 the OTU or even at the haplotype level (Ortiz-Alvarez et al. 2015) . Apart from the 1 0 9 cyanobacterial photobiont, the composition of the bacteria associated with marine 1 1 0 lichens is poorly studied when compared to those of inland lichens. So far, only the 1 1 1 common littoral black-belt forming Hydropunctaria maura was included in a culture-1 1 2 independent study (Bjelland et al. 2011) . Bacterial communities of this lichen were 1 1 3 different from inland lichens, with higher relative abundances of Actinobacteria, as an additional contributor to the lichen chemical diversity, and even though only 1 2 2 1 30-60% for the marine lichens and from 40-85% for the terrestrial lichens ( Fig. S1 ).
9 5
The cyanobacterial sequences were then removed for further analyses. The number 2 9 6 of non-cyanobacteria bacterial sequences per sample ranged from 2759 for C. 2 9 7 auriforme to >14000 sequences for Xanthoria sp. The alpha diversity of the non-cyanobacteria bacterial communities associated 2 9 9
with the marine and terrestrial lichens was compared using different species diversity 3 0 0 and richness indices ( all samples) data ranked the diversity of the lichen communities in the same order. The lichens C. auriforme and L. lichenoides showed the highest diversity and species 3 0 4 richness, followed by C. crispum and C. flaccidum, and the diversity of these inland 3 0 5
lichens was significantly higher than the coastal lichen group composed of L. confinis The taxonomic diversity at the phylum level of the non-cyanobacteria bacteria the Mediterranean Sea or Atlantic Ocean coastlines were also associated with the 3 1 8
Armatimonadetes and the candidate phylum FBP that were either absent, or 3 1 9 associated at very low abundance with the other lichens. Interestingly, the phylum
Thermi comprising many thermophilic species were predominantly associated with to the other terrestrial lichens than to the strictly marine lichens. The bacterial 3 3 0
communities associated with C. auriforme were more closely related to those of L.
3 3 1 lichenoides than the other two species of the same genus, C. crispum and C.
3 3 2 flaccidum that formed a separate cluster. The latter two species were isolated from 3 3 3 an exposed rocky area whereas C. auriforme and L. lichenoides were collected from 3 3 4 a humid forest gorge. We reanalyzed the data focusing on the most abundant OTUs communities of the reduced dataset ( Fig S2) was similar to that of the full dataset 3 3 9
( Fig 3A) .
At the OTU level, the marine or terrestrial lichens were associated with very 3 4 1 different bacterial communities as illustrated in Fig. 3B , which show the 30 most the OTU representative sequences assessed by blastn are presented in Table S3 . recovered from L. confinis showed only a very low 91% identity to its closest 3 4 8 previously described relative (Table S3 ) and half of the closest relatives for the The genus Sphingomonas (Alphaproteobacteria) was highly represented in the 3 5 2 terrestrial cyano-and chlorolichens whereas a gammaproteobacterial OTU not the most abundant in the latter. where a more even distribution of the OTUs was Lichina lichens in the Atlantic coast, there were very few shared OTUs among those 3 5 7 genera. One OTU affiliated to the candidate phylum FBP was present at low communities recovered from the L. pygmaea samples also showed very few OTUs in 3 6 0 common with the seawater that was sampled in proximity to this lichen. This suggests that the L. pygmaea communities were specifically associated to the lichen 3 6 2 and very different from the free-living seawater communities. showed an inverse pattern of abundance between the two species, where OTUs in 3 7 0 genera present in both species tended to have higher counts in only one of the Finally, to determine the factors most likely affecting the non-Cyanobacteria inland lichens, significant NRI values were only observed for L. lichenoides and C.
3 8 0 auriforme that were collected from the humid forest gorge, but none of the inland 3 8 1 lichens showed significant phylogenetic clustering at the tree tips for the NTI (Table   3 8 2 3). To explore the degree of overlap between the Lichina bacterial communities in Rhodobacteraceae and Erythrobacteraceae that were more abundant in L. confinis 3 9 6
and a Gammaproteobacteria OTU in L. pygmaea.
When considering OTUs associated to each lichen species, 38 and 42 OTUs 3 9 8
were specific (i.e. present at 100% of the replicates) for L. confinis and L. pygmaea and Flavobacteriaceae dominated the specific core OTUs.
0 7
To determine the OTUs that showed statistically significant differential OTUs were distributed in several shared families (left side of the plot) but we also 4 1 3 observed families differentially distributed and that were distinct for each lichen. Interestingly, 29 out of the 33 core Lichina OTUs showed a statistically significant OTU with the Lichina lichens that was assigned to the Gammaproteobacteria OTU, Mediterranean shared 24 core OTUs ( Fig S3) Acetobacteraceae compared to the sample from the Atlantic coast. The marine and terrestrial cyanolichens were associated with a different major Collema species and Leptogium lichenoides were each associated with a different 4 2 9
Nostoc OTU. The marine lichens were associated with a higher diversity of 1 6
Discussion 4 5 2
The largest body of lichen research has been undeniably devoted to terrestrial 4 5 3 lichens. We address this knowledge gap in applying for the first time, next generation 4 5 4
Illumina sequencing to characterize the bacterial communities associated to marine 4 5 5 cyanolichens growing on a rocky intertidal belt and compare them with those of 4 5 6 terrestrial cyanolichens. We showed that there was no overlap between the marine 4 5 7
and terrestrial bacterial communities and whereas two marine Lichina species, OTUs 6, 7, 24 and 61 in Fig 3) . This could suggest that the bacterial genera could OTU level and remarkably the Bray Curtis dissimilarity distance between these 5 0 7
communities was greater than that of the distance between the communities 5 0 8 associated with two different terrestrial cyanolichen genera, Collema auriforme and 5 0 9
Leptogium lichenoides (Fig 3) . This difference was also reflected in the high number 5 1 0
of OTUs (>120) that displayed a significantly different abundance between the two 5 1 1 species (Fig 5) . These significant differences were despite the relatively short higher up on the littoral belt, being mostly exposed to the air and would be subject to and Phaeobacter (Rhodobacteraceae), associated with a variety of marine plants Despite the significantly different bacterial communities observed in the two 5 3 5
vertically segregating Lichina species in the littoral belt, we did not find clear Culturing of bacterial isolates from novel environments is essential for natural are found, could provide a wealth of bioactive products, particularly from the 5 5 0 potentially thermophilic/radiation resistant bacteria identified in our study. However, 5 5 1 only 42 OTUs showed significant similarity to the 247 cultured isolates previously 16S rRNA sequences from the marine lichens, only 4 strains from this phylum were 5 5 6
cultured. These results can be partly explained by the culturing strategy which was 5 5 7
intentionally skewed towards the isolation of Actinobacteria by using Actinobacteria improve the bioprospecting of marine lichens. Nevertheless the fact that some of the 5 6 5
previously cultured strains were relatively close to the community described by our 5 6 6 study, suggests that some of the bacteria associated with lichens might not be as Here we show that marine lichen bacteria communities are completely different OTU level, the differences were even more marked, with no overlap between the L. confinis on the rocky shore) only shared a single OTU with the Lichina lichens 5 8 0 (Gammaproteobacteria OTU_15) which was only present at low abundance (0.05%).
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High abundances of Bacteroidetes were also observed in a different marine lichen australis. ISME J 5:590-600. al. (2010) . QIIME allows analysis of high-throughput community sequencing data. scavenging. Can J Microbiol 60:307-317. Vester JK, Glaring MA, Stougaard P. (2015) . Improved cultivation and metagenomics 8 6 0
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